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In this dissertation, KCl modified molecular sieves that contain iron species in- or 
extra-framework are synthesized to study their different catalytic performances for 
propylene epoxidation with N2O. These catalysts have been characterized in details and the 
structure-reactivity relationships have also been investigated. 
Fe-MCM-41 catalysts are synthesized and iron would be introduced into different 
positions of MCM-41by direct hydrothermal synthesis (DHT), template-ion exchange (TIE) 
and impregnation (IMP) methods. It is found that the main reaction route can be shift from 
the allylic oxidation to the epoxidation over Fe-MCM-41 catalysts with modification by 
KCl. The characterizations by XRD, N2-adsorption, Raman, UV-Vis and H2-TPR indicate 
that after the modification, the coordination structure of ex-frame iron species is probably 
changed from distorted octahedron to tetrahedron stabilized by potassium ions. The 
tetrahedrally coordinated iron sites are proposed to be the active sites for the propylene 
epoxidation. As to the in-frame iron species, they are impelled to migrate into 
extra-framework positions during the KCl modifying process, which cause the collapse of 
mesopores. The migrated iron species hardly form tetrahedral conformation with potassium 
ions because of the impact of framework, which results in the low propylene conversion 
over KCl-Fe-MCM-41-DHT catalysts. The effect of other potassium salts has been studied. 
It is found that the catalyst modified by KCl exhibits the best catalytic performances for 
propylene epoxidation. 
A series of different ferrisilicate catalysts are steam-activated and then modified by 
KCl. Meanwhile, ferrisilicate that are not steam-activated but modified by KCl are used as 
comparisons to illuminate the effect of different-positioned iron species on propylene 
epoxidation. Catalysts that are steam-activated and then modified by KCl exhibit superior 
catalytic performances. The detailed characterizations indicate that in-frame iron species 
cannot form effective active sites for epoxidation without steam-activated. Steam-activation 
is required to massively create extra-framework iron species. The coordination structure of 
resulted extra-framework iron species is changed to tetrahedral coordination that favors 
epoxidation of propylene. KCl-s-ferrisilicate (Si/Fe=64, K/Fe=2, steam-activated time: 8h) 
catalyst shows the best catalytic performance. 
The studies also found that KCl played the important roles. First, the reducibility of 
iron species became difficult, indicating the reactivity of lattice oxygen was inhabited and 
the allylic oxidation was also suppressed. The second is that iron tetrahedral coordination 
structure was formed and stabilized by KCl, which contribute to epoxidation of propylene. 
Keywords: Propylene epoxidation, iron-containing molecular sieves, KCl modification, 
steam-activation 
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Table 1-1 Industrial process for oxidation of hydrocarbons developed 
during the past 4 decades[1] 
Process Phase Catalyst 
Naphthalene to phthalic anhydride Gas V-K-O 
Ethylene to acetaldehyde Liquid Pd-Cu-Cl 
p-Xylene to terephthalic acid Liquid Cu-Mo-Cl 
Butene to maleic anhydride Gas V-P-O 
Methanol to formaldehyde Gas Fe-Mo-O 
Propylene ammoxidation to acrylonitrile Gas Complex oxide 
Propylene to acrolein Gas Complex oxide 
Acrolein to acrylic acid Gas V-Mo-O 
Ethylene & acetic acid to vinyl aceteate Liquid Pd-Cu-Cl 
o-Xylene to phthalic anhydride Gas V-Ti-O 
Propylene to propylene oxide Liquid Ti-Mo-O 
Butanol to methylcrilate Liquid MoO3 
Ethylene to vinyl chloride Gas Cu chloride 
Butane to maleic anhydride Gas V-P-O 
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